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Urban green space management is integral to sustainable urban development,
particularly in rapidly urbanizing cities like Baghdad. This study explores the integration
of geospatial innovations and smart city technologies to monitor and enhance urban
green spaces. By leveraging remote sensing tools such as NDVI and VVHI alongside 10T-
enabled real-time data systems, this research demonstrates a practical framework for
monitoring vegetation health and addressing environmental challenges. Key findings
highlight the classification of vegetation density and drought severity across Baghdad,
offering actionable insights for policymakers. Despite challenges such as resource
limitations and data integration complexities, the study identifies strategic opportunities,
including 10T adoption, predictive analytics, and community-driven data collection.
These findings present a scalable blueprint for other cities aiming to balance ecological
integrity with urban growth through innovative geospatial strategies.
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Extended Abstract

Introduction

Urbanization is accelerating rapidly, with 68% of the world’s population projected to live in cities by 2050,
adding about 2.5 billion urban residents—mainly in Asia and Africa. This growth brings major challenges for
city planning, especially in supporting public health and well-being. Urban life can increase isolation, noise,
pollution, and stress, partly due to private housing, isolated workplaces, and car dependency. Despite these
issues, cities attract people with job opportunities and amenities. Green spaces are crucial for reducing isolation
and improving health, but urban densification threatens their availability. As climate change intensifies, urban
greening and equitable green space distribution—often lacking in cities like Baghdad—are increasingly vital.
Smart cities are addressing these challenges by using Geographic Information Systems (GIS) and tools like
NDVI and VHI to monitor and manage green spaces. Integrating GIS into urban planning helps sustain green
areas, enhance quality of life, and build resilient cities for the future.

Data and Method

This study used advanced geospatial technologies, remote sensing, and l1oT systems to monitor and manage
Baghdad’s urban green spaces. High-resolution satellite images from Google Earth Engine and proposed ground-
level 10T sensors provided key data. Python libraries (GeoPandas, Rasterio, NumPy) processed the imagery,
extracting vegetation indices and removing noise. Data gaps were filled using interpolation, and sensor data were
calibrated to align with satellite insights. Vegetation trends were analyzed over time, especially in relation to
seasonal changes and urban growth. Machine learning models forecasted vegetation health, while ground
validation checked accuracy. Results were visualized on custom dashboards for intuitive analysis.

Results and Discussion

The Normalized Difference Vegetation Index (NDVI) is a key indicator for assessing vegetation health and
density in urban areas, with higher values reflecting healthier, denser greenery. In Baghdad, 2023 NDVI data
showed that most green spaces are moderately (42.6%) or slightly dense (39.3%), while 17% are highly dense
and just 1.2% lack vegetation. The Vegetation Health Index (VHI), which combines vegetation density and
temperature stress, revealed over 45% of Baghdad’s green areas faced some level of drought stress in 2023. Only
54.6% were drought-free. These findings highlight the need for targeted interventions like improved irrigation
and drought-resistant plants. Integrating loT sensors with geospatial platforms enables real-time monitoring of
soil moisture, air quality, and vegetation indices, allowing city officials to respond quickly and manage green
spaces more sustainably. Such data-driven approaches are vital for addressing urbanization, climate change, and
water scarcity.

Conclusion

Integrating geospatial technologies with smart city principles offers a powerful approach for sustainable urban
green space management. This study of Baghdad demonstrates how tools like NDVI and VHI effectively
monitor vegetation health and drought impacts, revealing significant variability across the city. Addressing
challenges such as funding, expertise, and data integration requires strategies like deploying 10T devices,
advanced analytics, and fostering multi-sector collaboration. Community involvement in data collection also
strengthens monitoring and stewardship. By combining advanced technologies with collaborative efforts, cities
can develop adaptive platforms for urban planning and sustainability. Baghdad’s experience provides a model
for other cities facing rapid urbanization.
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